This study was conducted to better understand the habitat requirements and environmental limiting factors of Syncaris pacifica, the California freshwater shrimp. This federally listed endangered species is native to perennial lowland streams in a few watersheds in northern California. Field sampling occurred in Lagunitas and Olema creeks at seasonal intervals from February 2003 to November 2004. Ten glides, five pools, and five riffles served as fixed sampling reaches, with eight glides, four pools, and four riffles located in Lagunitas Creek and the remainder in Olema Creek. A total of 1773 S. pacifica was counted during this study, all of which were captured along vegetated banks in Lagunitas Creek. Syncaris pacifica was most numerous in glides (64%), then in pools (31%), and lastly in riffles (5%). According to logistic regression analysis, S. pacifica was mostly associated with submerged portions of streambank vegetation (especially overhanging vegetation such as ferns and blackberries, emergent vegetation such as sedge and brooklime, and fine roots associated with water hemlock, willow, sedge, and blackberries) along with low water current velocity and a sandy substrate. These seemingly favorable habitat conditions for S. pacifica were present in glides and pools in Lagunitas Creek, but not in Olema Creek.
INTRODUCTION
Syncaris pacifica, Holmes, 1895, is presumably the only extant species of Syncaris and is one of four atyid shrimp species endemic to North America (Hedgpeth, 1968) . The other three atyids are Palaemonias alabamae Smalley, 1961 , from Shelta Cave, Huntsville, Alabama; Palaemonias ganteri Hay, 1901 from Mammoth Cave, Kentucky; and Syncaris pasadenae Kingsley, 1897 from Pasadena, California. The two species of Palaemonias were first listed as endangered in the 1980s (USFWS, 1983 (USFWS, , 1988 , whereas S. pasadenae is probably extinct (the last known sighting was in 1933: Hedgpeth, 1968; Martin and Wicksten, 2004) .
Syncaris pacifica inhabits perennial lowland streams in seven watersheds within Sonoma, Marin, and Napa counties north of metropolitan San Francisco (USFWS, 1998) . The decline of this shrimp, which has been attributed to loss of habitat and excessive predation especially from nonnative centrarchids, led to its federal protection as an endangered species in 1998 (USFWS, 1998 (USFWS, , 2008 .
Syncaris pacifica is relatively numerous in Lagunitas Creek on the Golden Gate National Recreation Area (Fong, 1999) . However, this shrimp is rare in Olema Creek, a major tributary to Lagunitas Creek, with fewer than 10 individuals captured during surveys conducted by the National Park Service in , and 2002 (LoBianco and Fong, 2003 , and 1999 (Fong, 2000) . All S. pacifica captured in Olema Creek occurred within 1 km of its mouth, suggesting recent colonization from Lagunitas Creek. Resource managers suspect that alterations in Olema Creek over the last century created unfavorable conditions for this shrimp. Historically, Olema Creek was described as having banks ''…thickly grown with brush and trees. The last two miles of the creek run through low swampy land, with its banks most of the way heavily lined with willows'' (Schofield, 1899) . Since the 1920s, major alterations included construction of levees and channel straightening between the town of Olema and the confluence with Lagunitas Creek (Niemi and Hall, 1996) . More recently, cattle grazing occurred on lands adjacent to Olema Creek and, in 1993, a pesticide spill (Korlan 2, an ectoparasite control for livestock) caused a large fish kill (San Francisco Chronicle. 30 March 1993 . Pesticide threatens restoration. The article lists the spill date as 29 March 1993; Office of Emergency Services incident report #930070 dated 31 March 1993). Management efforts to restore depleted populations of S. pacifica in Olema Creek and elsewhere will require improved understanding of their habitat requirements and ecological limiting factors.
The purpose of this study was to develop a better understanding of habitat requirements and limiting factors for S. pacifica. Specific objectives were as follows: 1) compare capture proportions of S. pacifica among gear types; 2) determine if S. pacifica is homogenously distributed throughout these streams or if its distribution is concentrated in certain localities; 3) characterize habitat conditions, e.g., water quality, stream morphometry, cover, in the creeks; and 4) identify habitat variables associated with presence of S. pacifica.
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Study Area
The study area consisted of a 13-km segment of Lagunitas Creek within the Golden Gate National Recreation Area and a 0.5-km segment of Olema Creek within the Point Reyes National Seashore (Fig 1) . The selected segments were within the reported geographic range of S. pacifica (USFWS, 1998). Lagunitas Creek is a major freshwater inflow into Tomales Bay, Marin County, California, located about 32 km north of San Francisco. The creek drains a 267-km 2 watershed. In its upper reaches, the creek flows through a narrow and steep canyon bordered by an evergreen forest. However, in the lowermost 13 km before reaching Tomales Bay, the canyon floor widens (Smith, 1986) . Lagunitas Creek flows are perennial but hydrologic characteristics have been modified by three upstream reservoirs and diversions. The general rainfall and stream flow patterns are characteristic of a Mediterranean climate with wet winters and dry summers. Average creek flow, measured at a U.S. Geological Survey gauging station near Pt. Reyes Station, varies from 5.5 L/second in September to 358 L/second in February (USGS, 2004) . Olema Creek, by comparison, drains a 39-km 2 watershed along the San Andreas fault. The creek gradient is relatively flat with a riparian corridor consisting mainly of deciduous forest (mostly alder and willow). Summer base flows in Olema Creek range from 0.1 to 1 L/second, whereas winter base flows range from 5 to 10 L/second (Questa Engineering Corp., 1990) . Lands in both watersheds are largely publicly owned and managed by the National Park Service, the California State Parks, and a municipal water district.
Sampling Reaches and Times
Ten glides (shallow stream reach with a maximum depth that is 5% or less of the average stream width, a water velocity less than 20 cm/second, and without surface turbulence), five pools (aquatic habitat with a gradient less than 1% that is normally deeper and wider than aquatic habitats immediately above and below it), and five low gradient riffles (shallow reaches with swiftly flowing turbulent water with some partially exposed substrate, usually cobble or gravel) were randomly selected from the two combined creeks to serve as fixed sampling reaches (Armantrout, 1998; Fig. 1) . Eight glides, four pools, and four riffles were located on Lagunitas Creek, with the remainder on Olema Creek. Multiple quadrats (rectangular-shaped sampling units) were selected to provide a better characterization of the sampling reaches. Data were collected within each reach from 15 quadrats-five along each bank and five in mid-channel. Each 3-m 2 quadrat (3-m-long 3 1-m-wide) was separated from neighboring quadrats by a roughly 3-m-long ''rest'' segment. The location of individual quadrats was consistent for each sampling event. Sample collections and measurements proceeded from downstream to upstream within each reach.
A total of eight field trips occurred at three-month intervals from February 2003 to November 2004. All fixed sampling reaches were visited during each trip.
Shrimp Collections
We employed insect nets, baited minnow traps, and a minnow seine to sample for Syncaris pacifica. The use of multiple gears was intended to enhance the likelihood of capturing shrimp from a variety of habitats where dependence on a single gear type might have failed to collect this species. All gears were used during each sampling period, with two exceptions. Only insect nets were used in February 2003 (due to permitting constraints) and in November 2004 (due to overlap with another part of the study, where we collected shrimp population data to be reported elsewhere).
Each quadrat was first sampled with standard insect nets (37.5 cm diameter 3 75 cm depth, with 1.0 mm mesh; standard series insect nets #300483, Ben Meadows Company, Janesville, Wisconsin) fitted with 1-m-long handles. For bank habitats, we used a protocol employed by earlier surveys of S. pacifica in Lagunitas Creek (Serpa, 1997; USFWS, 1998) . Shrimp were collected by first vigorously disturbing underwater vegetation along edges of the creek with an insect net, then sweeping the net through the disturbed area to collect dislodged shrimp (Serpa, 1997) . Shrimp were then captured from mid-channel by positioning the bottom edge of the insect net on the stream bottom with the net opening facing into the current and about 0.5-m directly downstream from the feet of the netter, then the netter slowly walking upstream in a backwards fashion while vigorously agitating the bottom substrate (includes sediment and associated vegetation and woody debris) by shuffling his/her feet.
Baited minnow traps (25.4 cm 3 25.4 cm 3 43.2 cm, with 3.2-mm mesh and a 57-mm diameter opening; Stock number AMT-F, Netco, LLC, Memphis, Tennessee) were deployed in late afternoon. To avoid oversaturating a fixed sampling reach, only one trap was fished in each quadrat for a total of 15 traps per reach. Traps were fished overnight and removed in the morning (about 16 h of fishing time). Within each trap, we inserted a ''shrimp enclosure'' to provide shrimp with a refugium from potential predators. The enclosure was fabricated from a perforated snap-top plastic container measuring 15 cm 3 15 cm 3 10 cm. Multiple perforations (each measuring 19 mm in diameter) in the walls and top of the enclosure allowed shrimp easy ingress while excluding large predators such as adult sculpin. The enclosure also served as the bait receptacle for about 57 g of canned fish-flavored cat food wrapped in a single layer of nylon stocking material.
After retrieving minnow traps, the entire length of the fixed sampling reach (a distance of roughly 27 m, including rest sections not fished with insect nets and minnow traps) was fished with a small seine (3.0 m length 3 1.5 m depth, with 3.2-mm mesh; DS184 delta mesh nylon seine, Nylon Net Company, Memphis, Tennessee). One seine haul was completed along each of the left and right banks, and in mid-channel. Seining always progressed from downstream to upstream.
Immediately upon capture, shrimp and associated bycatch (non-target species, including fish, crayfish, and newts) were placed in plastic buckets filled with site water. After collections with a particular gear were completed, shrimp and bycatch were identified to species and enumerated before being released.
Habitat Measurements
We recorded water quality (temperature, dissolved oxygen concentration, pH, specific conductance, turbidity, and total ammonia concentration), current velocity, water depth, stream bank morphometry, vegetation type, and bottom substrate composition. Water quality variables were measured with a Hydrolab Datasonde 4a multiprobe (Hach Environmental, Loveland, Colorado). Total ammonia concentration was converted to un-ionized ammonia concentration with a formula from Emerson et al. (1975) . Specific conductance measurements that we reported can be converted to salinity (parts per thousand, or %) using the following conversion equation, where EC is specific conductance (mS/cm @ 25uC): Salinity- overhanging (undercut) bank or non-overhanging bank, and quantified by visually estimating the linear distance that each category occupied along each 3-m-long shoreline quadrat, then converting the measurements to percentages. Categories for vegetation type included submerged roots of riparian vegetation; submerged portions of overhanging grasses, vines, and stems of riparian vegetation; and submerged aquatic macrophytes. Vegetation categories were defined as follows: overhanging vegetation, woody and non-woody riparian vegetation with stems or leaves that hang over the stream bank and trail into the water (blackberry, various grasses); emergent vegetation, aquatic or semi-aquatic plants rooted within the stream (sedge); instream woody vegetation, tree branches that are still alive and partially or fully submerged in water; large woody debris, branches and uprooted tree trunks submerged in water; fine roots, roots that are generally # 5 mm in diameter; medium roots, roots that are . 5 mm but # 20 mm in diameter; coarse roots, roots that are generally . 20 mm in diameter; leaf litter, loose leaves lying on the creek bottom; and no vegetation, any remaining areas lacking cover or shade. Categories for bottom substrate composition (also referred to as particle size distribution) followed a modified Wentworth scale (McMahon et al., 1996) . Within each quadrat, the portion occupied by each category of vegetation type or bottom substrate composition was visually estimated, then values were converted to percentages. All visual estimates were made by the same individual (BAM) throughout the study.
Statistical Analysis
Raw data were stored as Excel files and summarized with SAS software (SAS, 1990) and Lotus Freelance Graphics 97 (Lotus, 1997). Simple (onevariable) logistic regression employing presence-absence data for S. pacifica from individual quadrats was used to identify significant habitat variables during each of the two years of study (2003 and 2004) . For this initial exploration, a P-value of 0.10 served as the cut-off for significance (J. Yee, USGS, personal communication). Only significant habitat variables from each year of study were subsequently included in stepwise multiple logistic regression analysis to examine their combined influence on S. pacifica occurrence. In logistic regression, the Wald chi-square statistic determines the importance of each covariate in the model, with variables represented by larger Wald chi-square values having more importance in the model (SAS, 1995) . Both the Hosmer and Lemeshow goodness-of-fit test and the Nagelkerke R 2 are used to assess the fit of the logistic regression model to the data (SAS, 1995) . The Hosmer and Lemeshow goodness-of-fit test uses a null hypothesis that the model provides a good fit for the data. The c statistic (ranges from 0 to 1), which represents the area under the receiver operating characteristic (ROC) curve, determines the predictive power of the logistic regression model with numbers approaching one representing better predictive power. Models obtained from both years were compared to verify that the stepwise logistic regressions yielded the same important habitat characteristics, that the model fit the data, and that the model provided good predictive power. To further assess the predictive power of the logistic regression model, we calculated a Brier score based on fitting the data from 2004 on the model created from 2003 data. The range of the Brier score is 0 to 1, with smaller scores indicating better predictive ability of the model. Finally, we used the Box-Tidwell test to check for linearity in the logit. The Box-Tidwell test adds a x*log(x) variable for each x variable; significance of the parameter estimate for any of these added terms indicates nonlinearity and would violate the assumption of the model. Unless specified otherwise, the level of significance for rejecting null hypotheses of statistical tests was P # 0.05.
RESULTS

Shrimp Catch Statistics
A total of 1773 S. pacifica was captured over eight sampling trips with the three gears (1130 for insect nets, 575 for seines, and 68 for minnow traps). Syncaris pacifica accounted for about 58% of the total catch (includes fish, crayfish, and newts) with insect nets, 11% of the total catch with seines, and 2% of the total catch with minnow traps. Syncaris pacifica was captured at all sampled reaches in Lagunitas Creek, but none of the sampled reaches in Olema Creek. In Lagunitas Creek, S. pacifica was only found along stream banks (also referred to as edge habitat) and never in mid-channel, with most occurring in glides (64%) and pools (31%), and few occurring in riffles (5%) (Fig. 2) .
Catch statistics with insect nets and seines show similar patterns of higher numbers of S. pacifica caught in glides (adjusted to represent comparable numbers between habitat types because twice as many glides were sampled as pools and riffles) than in pools, and higher numbers of S. pacifica captured in pools than in riffles (Fig. 2) . However, the catch with insect nets was exceptional in February 2003, with more S. pacifica caught in pools than in glides. By comparison, catches with minnow traps did not yield discernable patterns over the three habitat types.
Environmental Variables
In general, water quality variables differed mostly between the two creeks and not among the three habitat types. For example, the concentrations of dissolved oxygen, pH, and un-ionized ammonia were higher in Lagunitas Creek than in Olema Creek, whereas these variables did not exhibit significant differences among the three habitat types within each creek (Table 1) . By comparison, specific conductance and turbidity were lower in Lagunitas Creek than in Olema Creek, with the three habitat types within each creek exhibiting similar values.
Physical variables such as water velocity and water depth varied among habitat types (Table 1) . In general, pools were deeper with lower water velocities, whereas riffles were shallower with higher water velocities. In Olema Creek, we found a higher percentage of overhanging banks in pools than in glides or riffles (Table 2) . Moreover, the high percentage of overhanging banks in Olema Creek pools exceeded the percentages measured in pools, glides, and riffles at Lagunitas Creek.
In general, substrate composition did not vary between creeks although it varied among habitat types (Table 3) . Compared to glides and pools, riffles contained a lower percentage of sand and higher percentages of gravel and cobble.
Differences in vegetation were detected between creeks and among habitat types, with highest variation occurring between creeks (Table 4 ). On average, higher percentages of in-stream woody vegetation and emergent vegetation occurred in Lagunitas Creek than in Olema Creek. A higher percentage of overhanging vegetation was more common in glides, whereas a higher percentage of large woody debris was most common in pools and least common in riffles. Two variables, fine roots and leaf litter, showed different dynamics among habitat types within the two creeks. In Lagunitas Creek, a lower percentage of fine roots occurred in riffles than in glides or pools. In Olema Creek, a higher percentage of fine roots occurred in riffles than in glides or pools. These variations were mainly due to different types of fine roots available in riffles than in glides and pools. In riffle areas, fine roots were mainly associated with grasses and mint, which were less abundant at Lagunitas Creek. In glides and pools, fine roots were mostly associated with sedges, blackberry, willow trees, and alder trees. Percentage of leaf litter differed Table 5 ) were retained by the forward selection procedure of the stepwise logistic regression model (Table 6) 0.02*sand + 0.02*overhanging vegetation + 0.03*emergent vegetation + 0.09*fine roots, with a Hosmer and Lemeshow goodness-of-fit test of x 2 5 4.5039, d.f. 5 8, P 5 0.8090, Nagelkerke R 2 of 0.4261, and c statistic of 0.882. After significant habitat variables were identified by the stepwise logistic regression procedure performed on the entire data set, we attempted to determine if S. pacifica exhibited evidence of selectivity for these variables (Table 7) . The 95% confidence intervals of the five habitat variables when S. pacifica was present did not overlap similar confidence intervals when S. pacifica was absent. However, water velocity was the only variable that showed a clear dichotomy, with S. pacifica rarely found above 0.55 cm/sec and never found above 1 cm/sec.
DISCUSSION
Although the historical distribution of S. pacifica is poorly documented, resource managers suspect they inhabited most perennial lowland streams with gradients of less than 1% in Marin, Sonoma, and Napa counties (USFWS, 1998). By 1998, S. pacifica still occurred in at least 17 streamstwo in Napa County, five in Marin County, and 10 in Sonoma County. Although strong supporting evidence is lacking, resource managers speculate that threats to S. pacifica include introductions of nonnative fish species and deterioration or loss of habitat from water diversions, construction of impoundments, livestock grazing, agricultural activities, urbanization, and water pollution (USFWS, 1998) .
Even though Olema Creek is included among the streams known to be inhabited by S. pacifica, this shrimp was not found during a survey conducted in 1999 (Fong, 2000) . However, in a subsequent survey conducted in July 2002, LoBianco and Fong (2003) collected 7 S. pacifica. During our study, we failed to capture S. pacifica from locations in Olema Creek where they were caught in 2002. There were several physical differences between Lagunitas and Olema creeks that might explain the scarcity of S. pacifica in Olema Creek. Judging from habitat characteristics where S. pacifica was found in Lagunitas Creek, this species is most likely to occur in relatively slow water current velocities (on average, 0.10-0.14 cm/sec) with bottom substrates dominated by sand (on average, comprising 61-66% of substrate composition) and moderate amounts of overhanging vegetation (on average, comprising 11-16% of vegetation cover), emergent vegetation (on average, comprising 7-11% of vegetation cover), and fine roots (on average, comprising 15-19% of vegetation cover). Although similar conditions were present in Olema Creek, they did not occur juxtaposed together. Thus, in Lagunitas Creek, overhanging vegetation, emergent vegetation, and fine roots typically occurred in conjunction with low water current velocities and sandy substrate, such as in edge habitat of glides and pools. However, in Olema Creek, overhanging vegetation, emergent vegetation, and fine roots were mostly found in fast-flowing riffles where cobble was the predominant substrate. We suspect that S. pacifica can persist for prolonged periods only when the key habitat variables are present altogether in one place, creating a unique microhabitat.
Although water quality might influence the spatial distribution of S. pacifica, few studies have examined such relationships. Messer and Brumbaugh (1989) reported S. pacifica from waters with temperatures of 7-16uC, dissolved oxygen concentrations of 3.3-12.3 mg/L, and pH of 5.85-9.1. Under laboratory conditions, S. pacifica tolerated salinities as high as 50% seawater, or 17% (Born, 1968; Hedgpeth, 1968) . During our study, temperature and pH at all sites were similar to values reported by Messer and Brumbaugh (1989) where S. pacifica was found. Likewise, our measurements of specific conductance (equivalent to a maximum salinity of 0.23%) were well below the tolerance limits of S. pacifica (Born, 1968; Hedgpeth, 1968) . Thus, extremes in temperature, pH, and specific conductance did not seemingly exclude S. pacifica from Olema Creek during our study. Even though published information on the water quality tolerances of S. pacifica are largely lacking, experiments conducted with other shrimp species suggest that minimum concentrations of dissolved oxygen in Olema Creek, but not in Lagunitas Creek, approached or exceeded concentrations causing acute mortality under laboratory conditions. For example, Dean and Richardson (1999) reported 100% survival in Paratya curvirostris (Heller, 1862) exposed for 48 h to a dissolved oxygen concentration of 3 mg/L, but only 27% survival when dissolved oxygen concentrations were decreased to 1 mg/L. In addition, Avault (1986) determined that Macrobrachium rosenbergii (de Man, 1879) exhibited signs of stress when exposed to a dissolved oxygen concentration of 2 mg/L, with complete mortality occurring at 0.5 mg/L. Dissolved oxygen concentrations in Lagunitas Creek were consistently above 3 mg/L (generally above 8 mg/L) whereas dissolved oxygen concentrations in Olema Creek sometimes fell as low as 1.4 mg/L (generally below 8 mg/L). These comparisons suggest that dissolved oxygen concentrations in Olema Creek may occasionally be too low for high survival of S. pacifica. On the other hand, un-ionized ammonia concentrations measured during our study never exceeded 0.013 mg/L (see Table 1 ), a concentration that is still well below lethal levels for shrimp. For example, Armstrong et al. (1978) noted that M. rosenbergii exhibited a 96-hr LC 50 for un-ionized ammonia of 0.38 mg/L at pH 6.8, and of 1.40 mg/L at pH 8.3. Moreover, Richardson (1997) mentioned that P. curvirostris exhibited a 96-hr LC 50 for un-ionized ammonia of 0.77 mg/L at pH 7.5, and 0.75 mg/L at pH 8.1.
During our study, the lowest dissolved oxygen concentrations were measured during August 2004 in Olema Creek when concentrations ranged from 1.4 mg/L at 10:30 AM to 3.81 mg/L at 1:15 PM, raising the possibility that hypoxic conditions were present near dawn when dissolved oxygen readings are usually lowest. If hypoxic conditions were indeed present, they could explain the absence of S. pacifica from Olema Creek during our study.
Variations in water quality between Lagunitas and Olema creeks might be related to different land-use practices. Livestock grazing is not allowed in most of the Lagunitas Creek watershed, whereas it is allowed in the Olema Creek watershed (D. Fong, NPS, personal communication). If livestock grazing introduces high loadings of organic matter into the stream, they could lead to high biochemical oxygen demand (BOD) and lower dissolved oxygen concentrations. Compared to Lagunitas Creek, the relatively high specific conductance and turbidity measurements in Olema Creek might be associated with higher rates of erosion associated with stream bank trampling, overgrazing, and other soil disturbance by livestock. Serpa (1997) noted that S. pacifica generally occurs along shallow (0.3-1.2-m-deep) margins of stream pools containing undercut banks and exposed root systems located away from the main current. Serpa (1997) and Eng (1981) also noted that S. pacifica was frequently found in submerged root masses, including those associated with submerged herbaceous plants and shrubs overhanging the water, in slow-moving currents where the bottom substrate consisted mostly of sand and gravel. These habitat characteristics were more often found in Lagunitas Creek than in Olema Creek. Our observations further indicated that S. pacifica was mostly associated with overhanging vegetation such as fern and blackberries, emergent vegetation such as sedge and brooklime, and fine roots associated with water hemlock, willows, sedge, and blackberries. Although speculative, S. pacifica may prefer such habitats because they offer protective cover from predators and provide the shrimp with a food supply.
CONCLUSIONS AND MANAGEMENT RECOMMENDATIONS
During our study, S. pacifica mostly occupied habitats in Lagunitas Creek that contained abundant overhanging stream bank vegetation and a sandy substrate. By comparison, S. pacifica was seemingly absent from habitats exposed to high water velocity. Mid-channel habitat lacked overhanging vegetation, emergent vegetation, or fine roots, and water velocities were usually much higher than along the shoreline, which might explain why S. pacifica was not captured in mid-channel. Our logistic regression model identified typical habitat conditions for S. pacifica as consisting of slow water current velocities, a sandy substrate, and an abundance of underwater structure such as submerged riparian vegetation, especially roots, root hairs, vines, stems, and branches. Such conditions are Table 7 . Mean values, 95% confidence intervals, and ranges (in parentheses) of five habitat variables retained by forward stepwise logistic regression (see Table 6 for details on the regression model). One-variable logistic regression analysis was used on both years of data to compute Nagelkerke R 2 values. generally found together along the shorelines of glides and pools in Lagunitas Creek, but not in Olema Creek. Perhaps most critical to recovery of S. pacifica is protection and restoration of stream habitats that meet their ecological requirements. Historical descriptions of watershed conditions offer some important clues to environmental conditions that could be targeted by habitat restoration projects. Prior to extensive anthropogenic changes to the natural landscape in the late 1800s, Schofield (1899) described lower Olema Creek as ''low swampy land…lined with willows,'' which suggests a low-gradient floodplain with sluggish water velocities and an abundance of riparian vegetation yielding plenty of submerged fine root hairs, exactly the habitat conditions under which S. pacifica was found in high abundance during our study. An example of successful habitat restoration that seemingly benefited S. pacifica is the planting of willows and blackberries along a privately owned reach of Stemple Creek by students from Brookside Elementary School in 1993 (http://www. ecoliteracy.org/publications/straw.html). This restoration project required cooperation from a local rancher, who allowed the students access to the stream on his property. By 1999, S. pacifica had re-colonized this reach of Stemple Creek even though J.W. Hedgpeth (1975) previously remarked that this creek was too severely altered to be rehabilitated for S. pacifica. In addition to planting native riparian vegetation along stream banks, habitat restoration activities should attempt to discourage establishment of centrarchids and other nonnative fishes known or suspected to prey upon shrimp. By encouraging the formation of dense riparian tree canopies that shade the streambed, water temperatures might remain cool enough year around to create suboptimal thermal conditions for invasive warm water fish species.
